The question of how cells estimate their location within the body is closely related to that of why cells of a developing organism become differentiated … We are now investigating the mechanism involved … using abdominal segments of the pupa Galleria mellonella. A previous investigation showed that the scale patterns in Galleria 1 … are oriented by a concentration gradient of an unknown diffusible substance 3 . The substance seems to be produced at one margin of the segment and destroyed at the other 4 … To move the concentration gradient to some other part of the segment, pieces of skin were rotated in the larvae by 180° … The concentration gradient, the existence of which is confirmed by these results, obviously has two functions: (1) to orientate the scales by its direction, (2) to supply the cells … with necessary information about their distance from segment margins and to induce the corresponding cuticular structures. From Nature 22 October 1966
Years Ago
The Psychology of Relaxation. By Prof. G. T. Patrick … In the author's view … forms of human behaviour are, at bottom, illustrative of a single principle. The activities and relations of civilised life imply the upbuilding and functioning of extremely complex mental mechanisms full of tensions, restraints, and inhibitions. To maintain these always in operation is an impossible task. From time to time, therefore, the complexes break up, and man falls back with relief into conduct expressive of simpler mental structures organised and consolidated in the far distant days of the race's childhood: he plays, he laughs, he swears, he fights.
From Nature 19 October 1916
that there is almost no delay between emissions produced at different frequencies. These observations clearly agree with models in which electron motion occurs in a single band (Fig. 1) . Electrons moving between bands would instead result in a 'chirped' emission, in which high-frequency light is emitted later than low-frequency light.
The findings provide links between a study 2 that separately demonstrated laser-induced, high-speed switching of an insulator between conducting states, and an investigation 5 that reported high-frequency light emission from laser-irradiated insulators. In other words, the new results show that the phenomena reported in those previous studies originate from the response of electrons in the conduction band to laser pulses. The results also open the way to the use of high-order harmonics as a tool for electronic metrology. Furthermore, Garg et al. report that the observed response of electrons to the strong light field is extremely nonlinear: the emitted light extends into the extreme ultraviolet region of the spectrum, which is more than ten times the frequency of the driving light field, and corresponds to energies nearly three times that of the band gap of silica. This extends the range of frequencies at which electronic measurements can be made to well beyond the frequency of the laser light, into the multipetahertz regime.
Harnessing the potential of optically induced currents and multi-petahertz electronic metrology will be challenging. The observed light emissions, and the currents from which they are produced, are extremely sensitive to subtle variations in the driving laser's waveform, and it is not yet clear whether the observed link between high-order harmonic emission and single-band currents applies in materials other than silica. It also remains to be seen whether the laser-pulse parameters affect the mechanism of current production -although there is evidence suggesting that other mechanisms dominate when longer-wavelength lasers are used 6 . Realization of light-wave-driven devices such as attosecond transistors, which could both switch and drive currents at multi-petahertz frequencies, will require a better understanding of the mechanisms that cause damage and heat accumulation in materials exposed to strong light fields, and of atomic-scale electron motion in solids -in particular how the electronic band structure of a material is modified in strong light fields. Nevertheless, the first hurdles have been cleared: Garg and colleagues' measurements show not only that multi-PHz currents can be reproducibly and controllably generated, but also that they can be measured in real time using attosecond optical techniques. ■ T he most fundamental difference between prokaryotic and eukaryotic cells is the presence of membranebounded organelles in eukaryotic cells. Organelles, such as mitochondria, chloroplasts and the endoplasmic reticulum, allow eukaryotic cells to form microenvironments in which biological processes can be spatially and temporally regulated 1 . The nuclear genome encodes most organellar proteins, although certain organelles, such as mitochondria and chloroplasts, contain some of their own genetic information. Coordination between the organellar genome and the nuclear genome is therefore required to ensure correct DNA content, DNA replication and protein translation. Writing in Science, Lewis et al. 2 investigate whether mitochondrial DNA is replicated at random or at specific locations within the cell, using a live-cell microscope-imaging approach to monitor mitochondrial DNA replication in human cells.
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Organelles are enclosed by a lipid bilayer that forms their external boundary. The
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The organelle replication connection
Live-cell imaging reveals that a functional interaction occurs between two different organelles: contact between the endoplasmic reticulum and mitochondria is needed for mitochondrial DNA replication and division.
bilayer is impermeable to most moleculesa prerequisite for the creation of functionally specialized spaces. The fundamental question of how organelles communicate with their external surroundings is still under investigation. The lipid bilayer of each organelle contains transport proteins that can allow the import and export of specific proteins and metabolites. However, cellular communication does not consist solely of soluble signals -cells can also sense their micro environments through physical and mechanical cues 3 . This type of sensing might also apply to intracellular organelles, in which case the shape of juxtaposed organellar compartments could potentially affect organelle communication and fundamental biological processes within the cell.
Lewis and colleagues now provide insight into the relationship between organellar structure, the process of mitochondrial DNA synthesis and the transmission of the replicated mitochondrial DNA to daughter mitochondria. Sites where mitochondria are associated with the endoplasmic reticulum (ER) have previously been identified 4 in yeast and mammalian cells as locations associated with mitochondrial division. Lewis et al. investigated mitochondrial DNA replication in living human cells using fluorescence microscopy techniques that enabled them to monitor the location of organelles and key intracellular components, including the mitochondrial DNA polymerase protein and a mitochondrial division enzyme. They found a link between the location of replicating nucleoids (the discrete units of mitochondrial DNA within the mitochondria) and the sites of contact between mitochondria and the tubular ER (Fig. 1a) .
The authors reasoned that for nucleoids to be distributed equally into daughter mitochondria, nucleoid replication would have to occur at or close to the site of mitochondrial division. They reported that replication occurred close to the point of contact between the mitochondrion and the ER -an association that was originally described in yeast 5 . Lewis and colleagues' study provides a leap forward in our understanding by also showing that ER structure impinges on the regulation of mitochondrial DNA homeostasis. The authors manipulated the levels of certain ER proteins to shift the ER structure from a tubular form to a sheet-like form, and they observed by microscopy that the number of nucleoids undergoing DNA replication was reduced, although there were no changes in the total mitochondrial DNA content (Fig. 1b) . In our opinion, this work indicates for the first time that the shape of one organelle has a role in determining a key function of a different juxtaposed organelle. Yet, from this study it remains unclear whether the observed effects are directly mediated by a protein complex that connects the ER to the replicating mitochondrial DNA, or whether the effects are mediated indirectly by some unidentified messengers.
The notion that organelle shape can influence function is widespread in biology and is generally appreciated for mitochondria 1 . However, there has been no previous hint that mitochondrial DNA maintenance and transmission, those key processes for mitochondrial function and cell survival, could be influenced by physical inputs at the interaction interface between mitochondria and the ER. As well as having relevance for mitochondrial diseases, perhaps more importantly, this work raises questions about the role of physical interactions in cross-talk between organelles.
Several questions remain open. For example, it is unclear how shape controls function, and how physical forces might be translated into biological responses. One possibility is that structural changes in the ER might promote remodelling of the cell's proteinfilament network, called the cytoskeleton, which might in turn result in the recruitment of specific cellular components such as lipids or proteins to form specialized microdomains on the organelle's surface. Another possibility is that, depending on the sheet-like or tubular structure of the ER, the external forces and physical constraints generated might be sensed locally at the mitochondrion's outer surface to promote activation of a genetic program that affects mitochondrial DNA replication. Analyses of genes that are differentially expressed in association with changes in ER shape might pave the way for studies to determine the mechanisms underlying the relationship between the ER contact and mitochondrial DNA replication.
It is unclear whether tethering molecules might be involved in this process and, if so, which molecules are responsible. Tethers between the ER and mitochondria exist in yeast 6 and mammalian 7 
